Cationic fullerene derivative 1, which is soluble in aqueous medium, bound to double stranded DNA. Observation of Coliphage T4 DNA in the absence and presence of 1 by fluorescence microscopy suggested that 1 bound to DNA along its groove. Upon irradiation of visible light on the DNA complex of 1, DNA was cleaved dramatically. The process of DNA photo-cleavage could be monitored continuously by fluorescence microscopy.
Introduction
Fullerene derivatives received considerable attention not only chemically but biologically. Some of the fullerene derivatives are known to cleave the DNA strand photo-chemically. We found for the first time that cationic fullerene derivative 1 is soluble in water and bind to double stranded DNA. 1 1 could cleave double stranded DNA with improved efficiency compared with the fullerene derivatives previously described, which are sparingly soluble in water, and a detergent was necessary to dissolve it in water. 2 In addition, an assembly of 1 seemed to be formed in solution. Given the chemical structures of 1 and double stranded DNA, 1 should bind to double stranded DNA with either one of the two modes: (1) the DNA string wrapping the assembly of 1 or (2) arrangement of 1 parallel to the DNA string. The latter is interesting from a
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viewpoint of nano-size wire of DNA coated by a fullerene derivative.
In this paper, we studied fluorescence microscopy to visualize the binding manner of 1 with double stranded DNA. When Coliphage T4 DNA was stained with fluorescence dye DAPI, the picture of a string-like structure with 8 u.m in length was observed by the CCD camera where DNA string is moving by Browinian motion. A similar picture of DNA was obtained for a DNA-1 complex and the DNA cleavage process was monitored by fluorescence microscopy. Experimental A suspension of fullerene derivative 1 in water was shaken for 1 h and centrifuged for 1 h at 10,000 rpm. The supernatant thus obtained was used as a stock solution. No precipitate appeared during storage even after one month. In fluorescence observation, Coliphage T4 DNA was used. A varied amount of 1 was mixed with 0.1 uM-b (base unit) DNA, 0.1 uM DAPI, and 4% (v/v) 2-mercaptoethanol as an antioxidant and the picture of DNA was monitored by CCD camera under irradiation by high-pressured mercury lamp equipped with a filter eliminating below 300 nm. All experiments were performed at 20 "C. Results and Discussion Figure 1 shows the time course of Browinian motion of DNA in aqueous solution in the absence and presence of 1. DNA morphology hardly changed even in the presence of an excess of 1. From the spectrophotometric experiment, it is certain that 1 can bind to DNA completely in this condition. This suggested that 1 can bind to DNA by wrapping its groove, not that the DNA string wrapping the assembly of 1. Circular dichroism spectra of DNA in the absence or presence of 1 were nearly superimposable, suggesting that the structure of DNA was retained before and after binding of 1 with DNA. Under stronger irradiation of light, DNA strand was cleaved only in the presence of 1. Figure 2 shows the process of DNA cleavage. DNA strand was shortened quickly in seconds and disappeared completely within 12 sec in the presence of 1, whereas Browinian motion of DNA was still visible in the absence of 1. Such a high DNA cleaving ability is due to the fact that 1 can dissolve in water by itself. Figure 3 shows the computer modeling of DNA-1 complex. This shows that fullerene part and cationic site of 1 can interact effectively with the major groove and phosphate anion site, respectively. 
